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(2) i^^Tl 1 -274 5^68 



b , 

miim2C)mi,zmmifcmn,mj]''-':>^i>mi ^^mAt , 
mMim 1 c')mizmm'^izmmt^iifzm2£r.ym.^/,i^tix 

LED. 
[0001] 

(LED) izm-f^ h<7)X'h 0 . b '94:)(t. 5«^$iX7t 
G a N <— X<7) LED tzRIf & hCTiX'h . 
[0002] 

[f^.^i'JBtftr] L E D {i . ~mz . «flR±{; p - n r >f 

n I' -7°fJi;4e *r iSft $ -fr , n K -7')i±CI63tflils!{ 
i^^^-^, n K-7W:fJl<7)±{zp 

*4®$rB!t*$-ti-^^i:(cJ:o-Ciijjr^>il^. <>:{z, pH 

-Tmc^>±Mi>mmi<zmMi}^vm^'±hix. n n-r^tc 
mm<r)±.mzto['fhnMiitixM*'> ttj^i-Li,, 

htlh ... 

[00 0 3] LEDiO^ft^ti, 2r>(r>W. t^j:h-h. 

mmizmtc:>n:s>m.mmzmm^ii:^>i})mb . .^3&»l 

E D fy' h^\-mzk&^ $ ix !> $!i^i7)«-C'S> I. . 7 r -f T 
SU±lZ^iLfT>tLfzG a N^— XcOLE D(7)Jf 

.€nftAi^T-:5'W ^- ]-mmiz.7^m-t^icLi)\ mm^- 
^mizm^ti. •*ryr-^TmnmmbGaN±u^miz 

-C. GaNr-f^-HVjJ&^ti, mt>f:.t3.b'm\>K. 
[00 04] l^EDC'miiim^i[t^±^it^fzihlZ^ 

^ixtzyrmc^M-jxu, i^EDi,z^±i-tz^^\ m^rn 
i:j±xmmiz^y:z*) , ziuzx-'X. ±mc')\'^f^m(^'^ 

mi)^m.± ^ix^Jzoiz. L E D ^ V n mzmm-f i> iii 



fz {i:ft il^ t ^- S cfc '3 (cffiJf? i I h ., Zd I tz -J- ••/ 7V) 
[ 0 0 0 5 ] G a A s .XCjL E D(7;fiStt5:^J^^2?# 

ir ^ fca^^')^ 2 c^.)Mmmi -5. :^aT-(i . x ••/ ^ > ;7-c- 
--^ffif^Tistt* w^it-t I. ... L E D c;.)±^>m.m't t-um^ 
m.mi:iimbi. ziuzi.-:>x. mmizmfz^^c?:>ti!,m 
i^miz-rt'^mx^^'f-myT-t: y hm^i^>ix?>i -jiz 
■t^.. m.tii. LEDcTj^Mc^^^Jtws-e, mz. 

fi^^nm IX. y yyj^ ■ x ■■/ ■ -7X7iW}'iSL 
■thZb^zX-^X. T:«|iJ^'X y-f->:7' • 

m-h z t ij^mx'h h hixh.> ^9-y^zi,t . 

i:i> 2oc':)^li/AP,-5> ... m ZffxH9—> X- 
{±, ±MmMi\<zT^ y> ]<fmh^mLfph^., Zixh 
ff)T^y> Htl, mm^::)^1rhmt\tkmt^^^^ixhl.U 

KiOTa5c^)LEDg|!>^{S. :)\:^^^ L<i-i\. JS-^-t L 
[0006] ^2tZ. GaW-s— ;^C0LEDC^)J1^^. S6 

^vv, ZWzib, ^^mmt'^$C:>l,zm^ii-;s,. 
[0007] 

iz, iim^ilfl LED artf et^i, - y 1-$^ |, , 
[0008] *.%BBOt ^ 1 OiOgWii, m^^m<r)iS(. 

m^ixtz LED ^if «f ^ C b {C.t) ^ . 
[0009] :*:^Bac7)jiJl±<7)S.t>'-c<7)ft!ii7)@atj(C':>(, >-C 

ncr,mmi}-hmhi)Hz^j:^X'$y^o, 
[0010] 

S-fyW .7.. bOioif. Ga.N'^—X(7)'f^<^:^(,zit^ 
X tIctS^^^^c?)^** > L E D -C'S) ^ » *:^B9{C i i> L E D 

ui. ±^maimtfzmmb . mm(^)±Mm±izm 
mttz^mwmAc^.^mii'mb, mymb. m^±iz 
tm Ltz^mfi^ttncrtm 2 io®** t-ii-t-c 

mi bm2<7)mizmm^i-LX\>^^. $^ibm2cr> 
mi±. p - n y-^ ^- K Lx\>^^ .„ ^mmi^mm 

B.fl(7).m2<7.)iijsffijT-{i . 1 £'.mt,zmmix\'-^^v^m2 
c^mc^mm ui . .^-it^i^tc x-^x^t fz^<7)~ut> ^ 

o-C, L E m>h\^m-th i :) (cKM^itp^c^ r -t y 
h 5r fil;t I. . «ll^tf03iaiaP*»'^i ilT I »S . 7 r T 

%m<7>i%^. m2c^mizii, wt^mmi.zm^Lxv^^j:v^ 
^2cfmc)nmi}'hmt/^wm.c^)^-c^->vt tznm^ 
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[001 11 

{i. GaN/<;-XLED£OII&EKffillT'^>'S.EIl $-#B3-f 

^ .1 > J; o r i 0 ?ga(::riS?-r ^. <i t -^X'^ S T 

. L E D 1 Oti , 7 r -f 1 2 (C 2 0(7;)G a N 

l<7)Jgl 3{i. n?^{:55rSJ:3{::H-r$fL. Sg2c7)Ji 

1 4 ti , pWUztchXo (c F - 7° S ^ ,, ^Ttif .J^ 1 S 
ciUo2o<7.)Jl^'.)^(ct3^:Sii-<:V i^, — 

trvv<':.:</'c7.);i>^>/;>1iB)c-$ix.5.<. .^ti, p-n y-f .^- 

i*i-C'^^-r-&.. zi-Le>c7m<r>mmicr>K^xii. mmm 
m^'t^.m)k^mni-i>:fim t itmmf^xh^fzih , 0 

[00121 immm 1 5 , p ^-iicT^astcieM 

$ilT«/>l>. iS2c7)^ffil 6ti. Jll 3i-C-X y^ ■ K 

•y $ nj^^ G a N m<r)-^i,ztm ^-^(^ tlx , n m.^^ 

[00131 ±a<7)J: ';tc, ^"ftmimztiV^X^ttzit 

*) i>iz^^^nf^x^mi<z^tzi>m±. g a n* 

IZ. Ml 5i:-y-7T -fr/GaNffico^HiOPa-C-Miya 

[00141 *^Bfl(:J:ii«\ ±j*i7;)#i*lfS*:ttie$-ti- 
^ C i tc: J; -o T G a N L E D 
^iih . ^yr -f T. ' G a N Ji^i?)|^ffi<7)^ffiRtX/4 
7^(±G a N m<^Mmi:^i-i> ZtlZX ->T , ^iSSSa: 

[00151 ^^mxi±. mmmW:itm-t7^ 4 oct) 

1 c'.)::^raT{i: , -9- 7 r -f r / g a n ^si(-cfflmf±±{f5r 

Jfi^^hA'Vti-lgt;^-2.. ZCDinmi. G aN(7.)Xt":?'=Jr 
•^- p - n y -f :t- Kc7>^3^:}S^i':)*S{f (C 

^ib^tU'Xw, GaNJi:fcrr5'=¥i'^'l-B!c*iOMt^. ffl 

< i <7) T'.t) •& .. SE-r^< ^ « . G a A s Jlf;))?!t:i: * Hj(+ 
^Cti. >^»-4-09filL7^-®^^f£-^i:-r-S.iOT\ GaA 



.^X'h ■& ... 

[00161 iXtC , G a N'v— .X(7;)L E E) 1 1 0 CMm 

mx\h ^ n 2 ^0m-t I. . HI tmtm 
miWcfz-rm 2 iz^^-rmfrnMizn. m t m^^tm^K 

Xr>X. ^m^Z^fc^±^^iiL^-^. ^<r)^^. GaN 

^^nmx\ it<^)-m/f^mi^-hi :■)^:•r-^->^^^Btl 1 sm 
t/'i 1 9//iM§n.-i... ±^mm(^m^ni^iz^tix?^ 
mmizmii-^^ycii. 1 1 it-*^j:^(c, ±^mm 

^TjioTLED^^^iBttai-rS. at^ftetBScSL-^l.^1 

1 7 {i , GaN m<^±tmm-^' h wm § ^it , t —us 

-SM^ffllc^/i^., Z crypto— 1 I 2X'W-^ir o 
{,z , L E D a)±.^^mh- i->c^M\^ * ersgti-r & K-C -ii 

a-r I. c t tc=5:-i. . mtwhnmxnm.-th m^. . t 

-%±.mmmxm-3^& d , i«7 -n -t .^.^^^'-^ o ie$ ixi> ,. 

[ 0 0 1 7 1 7 r ^ TlSffi(7)SSrSL^±l: ri.!f#^{i, Pii 
GflgPl 1 9*fv:{i?^aigl51 lS-C.fe»), LEDtCi'^T 
4!: STtOG a Ntcfctt^^ftJ: 

t-G a N «cr.)J?$ icjkt LimmzJz n <-^j:hh. fflffitt 
±{ftCj:r.-C. GaN<7)JtgB^DBC;XFfi5r±t^^figt± 

::»cilB(;r6]±-r^. 
[00181 fflffitt±Wi:. vv< -o^vt,^ '3 -^^coffiSc^ 

i:w:)mihztt^mxhh.. ^xtc, .r-f^^v HW 
)gffi?4^ ffl I ^-c , wacoii$ tc^- s i ritz-y- 7 T ^ r 
r fiS J 7&»'o{t ^>ix s . 3 ~ 5 5 5' o > (r>^m<r>y-^ 
^ t >' Ffflfi-^ -f XT'H- 5j^-C-#> -I. C i; //ii-*^ T ^ ^ ^ . 
[00191 ©S^-^^^ti, •'f 7 T-^ TSISti, 
I7J«IM. LEDS«{cfiIffl-r-g>H>Jt, 

*c7)StRS)t7'D -t X (CB ( t a^^WiSro ^: .7. *r 'i-B& 
•r.s->^i:icJ;->-cilJfi^Sg-(:'#.>s,.. Cio^, 

LE Dc7)|g^^^A^#Si-L^ ... 
[ 0 0 2 0 1 X •■/ f - > :?-C- , ^ffi {cfflffi f±± S£ L T . 
•*f 7 T ^ T^ffi(7.)R5t^^^Sg-t S C Ls^mXh^^- 
■^7 T -f rffi-fgc^^ffiBfiimi.. ±^m»cJift^ P - 
nm^^tzlt-r^ 7 >• Hi'.).«!i{f tc5r/"5^-v^c7.)-e, LED 

^>;?'- 7=c7-t^{i, ±.momw^^i^\:hzt^j:<, ■ 
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x :/ + >y{i:. ^.5i-> • x y^yy. -^^-y- 5'; 

[00 2 1 ] mm.mm<^mmt±±mi, ^fmm^e:,^ 

ti , G a N Jlc7)Jia5^H^$tjfJirT-(:M^^ ^ <t J; 

±i£<^)fjmx'ii . t h mmz i.r>x. 

[0023] ±gCG a t^miZ^M^^ &m'fhfz>^C'):fj 

hG a.ncmm.'^)n^^nm lx. g a Nfli7)±gij^E 
(^>±.{.zmwiimm'^ztx'hh. ztihc^mmi.. l 

miru^xay^ 4 S'^^SI^tZfctt^ L E D 2 0 <7)Wf 

^> I. H 3 -^d 6 $r#R3-r -S. , 13 3 $:#B3f ^ y , 
GaNi73p-ntt^li2 1 ±5zt50j; ^ tCffi1S2 3± 

2 mk<r> *)Vyyy< t5&^ fflV »T , G a N«ffi± 

ctftw$-ii-^>ix-^... iLcnmt. mmiziiim<^tti'^x 

# §<J; d tc^-g.:^-:^^, |!3^tSrLra<7)-e.x7i|i{c**L-<:it5i 
^iiTi^-i., 04 2:#B3-r.2. i: . GaNj^/^vX:? 
±{CXtf.5'Jev-v;Wf£*$li:*^i-Ll>. GaNJiS i Oj 
±{c*3 >-C Ltcv^c'iX , G a N g AqFLc7)±C^ 
GaN{iTLl*ItCfcV>TL*>^ftL^lr^. ^COB^ 

,^Jl>znv^x. GaNji, M(nieimzii'>xii^^^tt 

X. l.-)jtm-tj<r>Wf5\>ZiSLSc^^. •7X^'iO±{CGaN 

mt^mi/ s ff5«(i . 2 4x^s^k'jizn mxh h .„ 

tm'^^Zt>fz-^X , G a N 2:fi!£:RS-fr^ ^hti^^Xh 
muz. 06(c^F-4-J:3tc. ftilco±C, ^Bfl'Sri 

[00 24] ^oLx^hi\.tz\^^^<7m,'^in\t, n 



[0025] . G a N£^)_t.gp® ^ (a) t h'- 1 > 7' 

^^fS-.. :ft#itcJ:->-Cp-iiS-^arttje$-l± 

^<r>}o.u^mvtmj'&\.zX'>x . ^ 
[0026] mm^^m^thw.3><7yi^mi. wmm 

''otiSLt-S co-C\ w x^-r:,fl^aiT'§ -I. J: {2 

^rrfrj^M^ii-g.. ^W^fi(rmymo^\'r>X'\i. GaN® 
(wSB:tLS:X y^>':?'L. GaN J: 0®iJf^<^/h$t^*r 
MS: -i07L{-^«TS i: C J: o T , Jt' M Ti{)Sjf?j3£S 

i'L-g>, 

[0027] mz^ itrU rSrfilfflL-C, T^^^^^e^? 

#-r ^ L E D 3 0 (nmmmxh^mi Sr#H?-r^ . ±i$ 

(niioiiZ. 3±(:GaNi7:)p- ntg^fl3 2A'tt 

« $ -tt , mz , ® 3 2 ±tC±g|5«fl5 3 4 ifiVm $ -tt 
<J:{3. ±aim®$:KjlL , GaNa3 2t:A':) 

Z C7)^> - >'C7)x y -f- >- :J''{4 , n^cr> 0 y 7 7 7 -f ^ 

m&mmixmm^i'L:^. ii(r)m$iA. GaNwai^-tf 

. 7 r r.S^3 3c7)_hg5affilC J; -.T«5BJc;$il-S.2iigyF§ 

t » j*^T-#j h . ^mnc^Mi 1 1 mmmc^^m^^. ?L«i , 
Lz<r)m^ t xmx/^ mz , g a n j: o mtff^(^)'\-$ 
m-^. sio.muz^iM^n^^ . mm^j:tmcfmmm 

nii. TBlzX-.^Xm^n^ : 

ZZX\ n fi^Nti G a N commmX$) 0 , ri ^ {iiSBJffi® 

L E DO^tajijti , .-itANM L^W»|s|«i7)y-'yN' 
•<7.J:Dt.70— SO ■< ^^Zt**^i}^':>X\'^ 

[0028] ®S-r<#{i:. ±a!c7).Tt'M Tt/^f^^^ X 
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[00 29] ±nmmi . O a N -Sr^— .^uc L Tt: L E D 

■t^^i^mt , ffl® tt±:f - P - n y < ^- 1' c7:)r!c*<7) 
[00301 mmti:±i^mm^ i/cii^ii4c?3:fir^t4. 

B)t« $ -tir ^> i t S G a N (i . @ 1 ffl^® ( S v» 0 ffi 

f -y h T^jffM § its w <7.mm<>znm^iit yr-^ -, 

<7.)||till5l|-C-{i:, Ga.nm<7)mm-!rt(7yVm^\.Z, GaN 
i'«}aK*ffiT$-«t-& ^ J: J: -^-C . TOtt:±(fi7.);i 
imhixh. 104 0- C*i1|c7)^:ajaffi-C't° y hffM 

4<H7*>'t-Ti*N'J .x^;<' 'J'^AiO*/i.Si»J:b2r 1 0 

0 0 0 ^iSit-f&TS-tf-l. 3 ifi-simx:-^>h . ^cr>^^ 

n e k i'h<7)|&3tAppl . Phys. Lett. 71(9) (September 

[003 1] ±)4cO i d tC, 3tt4- :^Bflm®*f"Jffl^'& 

X. ]^EDfj-^-M*)iii-tZbi)'^MtX'hh.. ±i^<7)m4 

N g ^ Bli^ $ -ti- -!> S^ISP^Hc *5 1 t' •/ h m^fj^^ t ^ 
»^f^Aif#<5il^J: '>izr^tHfX'iSti(7.)X\ Ztth 

cDimm(^:y o h'ik^iz d t < M-^^^ . -K^'ik. h° ■•/ h 

b° y h 2r3t« L , • G a N O^rffitc S/i-&7t&8icSL 

[00 32] ±l5iftB;it-{±, G a N'^— ;7.cDL E D to 
V^XM^LXttitK t>*;)0^, GaN<— XCOLED 
(C{±, A l^Gay I w-^n(7m(7>\^-^%^^^~7.\,Z\^fZ 
ffS*^LED*«i-*ix^ (^Jl-C'. x+5' + z = l ) . 
0 5: ') t T' L ^' < . L E D c^) P ff5 ^ 7^>{± n I?Ji A 

[0033] iim»r-g(c{4, \:M.<^mm.xfm¥i(^m 



[ 0 0 3 4 ] mtmm 1 ) i.^mm^mLtzw^> , 

Kiie««K±(cttim L 7::^^f4vrWc7;)m 1 oM •> . 1 c?) 
Ji ^: P - n y ^ i-- H ^Jg^-T-S. BulB*':^ Wtf li^.) 

m 2 t , Btftem 1 m 2 <7Mcmizh -c . Kriem 

1 >.lg2>7)ll(7)iflJr«rBl(ClE(i*fepjD$iL^.h- tIc*^ 
gg;6>^^ilTi<>S«l.h^!#iS^-r'S. LED. 

[0035] ( 2 > ii<ries^*<^Bflt'ib ^ t 

t iimmt ^-g. . 1 t^iBKi') L E D ... 

( mtmm. 3 ) m%^mm^^y r ^ -rx-h^^^ > ^mm 

b . Hifeffi^ 1 dMJf )L E D . 

( mtmm. 4 ) Hui£^^#:tr?uc g a n -/^^^ * c t 

t -r I. . .*]IS®.« 1 ><Ztmc^ LED, 

[0036] ( mmmm. 5 > iscaa^ fi/: Tt:^^ t , 

.|g2c';)®i:. HyidUl i:m2£')®<50^tCib-:>-C, BulfilS 

itm2 cr.)m<om^mzmm^iPM^ix& t . 
1 <r)m<^.t . mtEm 1 <^)m^zmMwslzi^^^ixfzm 

2 <7)mj^.i/ tiixX ±5 0 . mie^TtpHlsljCMM i ^4- 
V »m 2 tfDIicr)^®^;: , HMie^^^l^t i T ^ L 

< i: 7t o T . B5ta L E D ffitfr -S. 

X^^^Zti:^mt^h, LED. 
[0 03 7] (^]5fe®.«6) ±|fP«ffiS-li;i/::»fiRfc. 

m t ^IZ p - n r -i tT- H ^?FM-r ^1?ie^«(*:Wt4(7j 

m2co«t, mumi tm2comcrmzh^x , mim 
1 tm2cf)m<^mmmi>z'mmi3-wiia^ix^t . 3K*r?&* 

-r^^T^^^i: , mim2cm'Zimif^zmm.m:fj'i^^' 

mw^m^ixfz^mff^^-c ^^fi-^ktixx , l e 

D, 

[0038] ( mtmM 7 ) MiE^ ^ ^-/I'/imiSM i c'.) 

i!sc7)LED,. 

( mtmM 8 ) mie-f- ^ ^v^i- s i o > $ i lt v . 
■5. c -h is i: -r ^ , mimrn e (cieuic) led... 

(Si«fe®,«9 ) mii^^ ^^iiiz/fx^'-^m^nxi'^^z 
t immt ts, , mmmm e iztmc^) led ... 

[0039] ( m^mm i o > led crimiLumx-h 



BNSOOCID: <JP_41 1274568A_J_> 



(6.) 



1 1 - 2 7 4 5^:. S 



c7:)Jl ^ X h' y =3f i- /I. fiit* $ It § A T- V Tt , mtim 1 
±(c G a N ^ tty^mi^mA<7.)m 2 c^);! x t ^ -v 

[0040] ( mmm. 1 1 ) l e Dc^ymiLi^mx^h 

X , ffitR±(: G a N ^ i-tf ¥ji*«#4^|g 1 c7)g J X t 
=Jr > -vyl eS:*^ -ti:^ 7^ y 7'"i: , mfM 1 iOJi±t;?6 

N ^^t^^m^nmiT)^ 2 C7))l ^X f .^ ^ ^ 'I B!t:ft $ 

■^hx'fyrii, ^m-w.mAcmwm2(7.m±.f.z, Ga 

HiiJf - ^ {c^- ^ , -7 X ^ 5r mm § -tt -g. X v 7" t , 
MISTL* L Til* L fzmM^m 2 a)mc^)^7i-l,z J: T^?. 

$ -t^ c t J; 0 , Btlie-?x ^ >^-^)!fS ;^i-L/::.ll 2 
i^)® ± tc G a N ^ Sr X t° ^ i-^' iimSl^ ^hP.^-f'T 

[0041] mtmm 1 2 ) mi^-^y^^ti^s \ o.,^ 
[0042] ( mmm. 13) led (^ymL-nrnxh r> 

X . WSL±.izG a N ^^ts^mW.mA<^)^ 1 CO^S: Xf 

N ^ ^t2^m^nn<nm 2 ® $r x t ^ a- /t-^* $ 

-li: S X y r^^i^ i ixT i> 9 , mriei^ 2 <r>m<r)—W>ii^ . 

c^mm h ^^mm^z ^-^x^th^^mi^'^i^^^ 

Xcoe ■■/ h ar irtf MfSm 1 <r)mtimmLti:^^^WTI<zii 

[0 04 3] (mtmmi4)me^mz. io4o° 

mi stztm^ifm. 

( mtmM 1 5 ) miia^f^tc , i o o o o^mc^yr > t 
1 3(ciemc7;:^^, 

[Hffico^^^iffiag] 



[HI] G a N X C7) L E D (7)li1fffi|2|-C\t) S .. 

[ H 2 ] *^Bfi£7;)^Sai0iJ<7) 1 o(c i ^ L E I) c73BffBjC3-C' 

[ la 3 ] G a N i7) p - II m^m^f)^ , mis±(cit«i $ it 

it. :^?lfi7;)tL*0H/:/:^S i 02-v'X;?'>^\ GaN^Bi 
izmm S -ti- i^iit/CTfljt r QHr x*?)P5Pg{c*>{t -I. 

[114 ] GaN//-7Xi7±(CXh-;?':»rv-r/US:ft$-li-^> 

ix7"^ffli:ra-txc7^^)^apmcfcft^*^HB(ci s L E DC) 
t 1 o<7.)||]!i4f?iJc7)Brrffill-<:'^)S .„ 
{m5}^^(7)JC-,^yffiimzX'yX. Si02<7)v 

a-i^xaifmizm'Th^^^mtZj: ^ L E Dot ^ 1 oc'.) 

^Sfef«ij<7)Bi?ffi[i-<:'cP>-2.,.. 

[06] ^M«7)±{=, j§Bfl^±g|5^fiE$rtfim$itffli:r 
o-tx<7.)Em'tcfcft'i.*5&BJ{cJ:-S.LED<7.)t loco 

*Jt6pij<7.)Bffffiia-<:'S>^.. 

[117] r^/^rj $rfiJfflLT. IS^5!j^^aX»-r'5. 
J: S L E D<^)ffiBillT^) h . 

10 LED 

12 "^yr^rmm 

13 ISltfO« 

14 m2<r,m 

1 5 jgBflffiffi 

16 m2c7)WM 
1 8 ^3t««s 

2 0 LED 

2 1 p - nti^« 
2 2 S i 0.^-7 

2 3 mm 

24 ftM 

2 6 ±g|5mfl6 

3 2 GaNJl 
3 3 

3 4 ±a5«ffi 

3 5 7L^<:5'— > 

110 LED 

1 1 7 :7t 

1 1 8 ^ta^ 

1 1 9 PfiDflgp 
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